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POWER AMPLFYING CIRCUIT WITH 
SUPPLY ADJUST TO CONTROL ADJACENT 
AND ALTERNATE CHANNEL POWER 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is related to co-pending U.S. patent 
applications Ser. No. 09/359,586 filed herewith by Alberth et 
al. and entitled “LOAD ENVELOPE FOLLOWING 
AMPLIFIER SYSTEM, Ser. No. 09/358,674 filed herewith 
by Klomsdorf et al. and entitled “MEMORY-BASED 
AMPLIFIER LOAD ADJUST SYSTEM,” and Ser. No. 
09/359,280 filed herewith by Alberth et al. and entitled 
“LOAD ENVELOPE ELIMINATION AND RESTORA 
TION AMPLIFIER SYSTEM. 

This application is also related to co-pending U.S. patent 
application Ser. No. 09/358,884 filed herewith by Klomsdorf 
et al. and entitled “POWER AMPLIFYING CIRCUIT 
WITH LOAD ADJUST FOR CONTROL OF ADJACENT 
AND ALTERNATE CHANNEL POWER,” incorporated 
herein by reference. 

FIELD OF THE INVENTION 

This invention generally relates to power amplifiers. More 
Specifically, this invention relates to a power amplifier 
circuit for controlling adjacent and alternate channel power. 

BACKGROUND OF THE INVENTION 

The power amplifier is a key technology in portable 
radiotelephone design. In cellular telephones, the power 
amplifier has a large impact on the available talk time. This 
is because the power amplifier consumes a significant 
amount of power relative to the other circuitry within the 
cellular telephone. One parameter defining how much power 
the power amplifier consumes is the power amplifier effi 
ciency. 

Power amplifiers whose DC Supply Voltages are continu 
ously varied to match Signal level requirements for improv 
ing efficiency throughout a predetermined range of input 
Signal levels are generally known. One Such example is 
disclosed in U.S. Pat. No. 4442,407 entitled, “TWO LOOP 
AUTOMATIC LEVEL CONTROL FOR POWER 
AMPLIFIER", issued to Thomas R. Apel on Jun. 11, 1982. 
In 407 the power amplifier is operated with improved 
efficiency by modulation of the RF amplifier DC supply 
Voltage in response to a comparison between a signal, 
corresponding to the weighted Sum of the magnitude of the 
power amplifier load current and Supply Voltage, and the 
amplitude of the modulation signal. 
The system disclosed in 407, however, does nothing to 

address another important performance parameter of power 
amplifiers used for cellular telephone Systems-transmitted 
adjacent and alternate channel power. In cellular telephone 
Systems, the radiated adjacent channel power can cause 
interference in other cellular channels, thus causing a deg 
radation in Overall System performance. The adjacent and 
alternate channel power parameters are even more critical in 
cellular Systems employing linear modulation Schemes Such 
as Interim Standard (IS)-136 Time Division Multiple Access 
(TDMA) and IS-95 Code Division Multiple Access 
(CDMA). By optimizing the power amplifier for efficiency 
with no regard to adjacent and alternate channel power 
performance, the power amplifier can fail the adjacent and 
alternate channel power Specifications for a particular cel 
lular System. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
A method to Simultaneously increase the linearity and 

efficiency of power amplifiers is disclosed in U.S. Pat. No. 
5,101,172 entitled, “LINEAR AMPLIFIER, issued to 
Yukio Ikeda, et al., on Dec. 1, 1990. In 172 the drain voltage 
is controlled by a DC/DC converter to follow the amplitude 
level of the output Signal. This increases power amplifier 
efficiency but introduces amplitude modulation (AM) and 
phase modulation (PM) distortion. Input and output enve 
lope detectors are thus employed in conjunction with phase 
and amplitude comparators in order to introduce pre 
distortion to counteract the distortion introduced by the 
power amplifier. This System requires accurate tracking of 
the power amplifier distortion, which can be difficult. In 
addition, the multiple couplers and phase/amplitude com 
pare circuitry adds size and cost when used in a portable 
cellular telephone. 

Another technique to minimize power amplifier distortion 
is disclosed in U.S. Pat. No. 4,348,644 entitled “POWER 
AMPLIFYING CIRCUIT WITH CHANGING MEANS 
FOR SUPPLY VOLTAGE,” issued to Shingo Kamiya on 
Mar. 24, 1980. In 644 a power amplifying circuit detects the 
crest factor (e.g. peak-to-average ratio) of the output signal 
of a power amplifier. When the crest factor is large, the 
power amplifier Supply Voltage is raised. Conversely, when 
the crest factor is Small, the Supply Voltage is lowered. Thus, 
when more power amplifier Supply Voltage is needed to 
handle the high peak-to-average ratio, the Supply Voltage is 
raised. Conversely, when there is a Small peak-to-average 
ratio, the Supply Voltage is lowered. The high peaks are thus 
faithfully reproduced by raising the Supply Voltage, and the 
power loSS is reduced by raising and lowering the power 
amplifier Supply Voltage as necessary. 
The 644 technique is useful in electronic systems to 

amplify musical Signals. In this type of application, faithful 
reproduction of the musical Signal is necessary in order to 
provide for acceptable fidelity. However, the 644 technique 
does not address the need for trading off fidelity versus 
efficiency in a manner necessary to provide for cost effective 
and highly efficient portable radiotelephones. 

Accordingly, there is a need to provide more accurate and 
comprehensive control of the adjacent and alternate channel 
power transmitted by a power amplifier. There is a further 
need for the power amplifier to operate efficiently for linear 
modulation Schemes. A method of trading off linearity and 
efficiency is needed for power amplifiers used in portable 
radiotelephones. There is also a need to control power 
amplifier adjacent channel power, alternate channel power, 
and efficiency performance to compensate for part-to-part 
Variations, temperature variations, load impedance 
variations, and frequency variations. There is also a need to 
control the power amplifier average transmit power while 
controlling the power amplifier linearity and efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a radiotelephone having a 
receiver and a transmitter; 

FIG. 2 is a block diagram of a test Setup used to conduct 
the peak-to-average ratio experiments, 

FIG. 3 is a plot of Supply Voltage, gain, and maximum 
peak-to-average power ratio over a finite time period, all 
versus input power, for the test setup of FIG. 2; 

FIG. 4 is a plot of adjacent channel power, alternate 
channel power, and maximum peak-to-average power ratio 
over a finite time period, all verSuS input power, for the test 
setup of FIG. 2; 

FIG. 5 is a block diagram of a power amplifying circuit 
for use in the transmitter of FIG. 1; 
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FIG. 6 is a sample waveform resulting from a linear 
modulation Scheme Such as phase-shift-keying, and 

FIG. 7 shows a method of amplifying an RF signal. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

FIG. 1 is an illustration in block diagram form of a 
radiotelephone communication system 100. The radiotele 
phone communication System 100 includes a remote trans 
ceiver 10 and one or more radiotelephones Such as radio 
telephone 12. The remote transceiver 10 sends and receives 
RF signals to and from the radiotelephone 12 within a 
designated geographic area. 

The radiotelephone 12 includes an antenna 14, a trans 
mitter 16, a receiver 18, a control block 20, a synthesizer 22, 
a duplexer 24, and a user interface 26. To receive 
information, the radiotelephone 12 detects RF signals con 
taining data through the antenna 14 and produces detected 
RF signals. The receiver 18 converts the detected RF signals 
into electrical baseband Signals, demodulates the electrical 
baseband Signals, recovers the data, including automatic 
frequency control information, and outputs the data to the 
control block 20. The control block 20 formats the data into 
recognizable voice or data information for use by the user 
interface 26. 

Typically the user interface 26 includes a microphone, a 
Speaker, a display, and a keypad. The user interface 26 is for 
receiving user input information and presenting received 
data that was transmitted by remote transceiver 10. The 
receiver 18 includes circuitry Such as low noise amplifiers, 
filters, down conversion mixers and quadrature mixers, and 
automatic gain control circuitry, all known in the art. 
To transmit RF signals containing information from the 

radiotelephone 12 to the remote transceiver 10, the user 
interface 26 directs user input data to the control block 20. 
The control block 20 typically includes any of a DSP core, 
a microcontroller core, memory, clock generation circuitry, 
Software, and an output power control circuit. The control 
block 20 formats the information obtained from the user 
interface 26 and conveys it to the transmitter 16 for con 
version into RF modulated signals. The transmitter 16 
conveys the RF modulated signals to the antenna 14 for 
transmission to the remote transceiver 10. Thus, the trans 
mitter 16 is for transmitting a modulated information Signal. 
The duplexer provides isolation between the Signals trans 
mitted by the transmitter 16 and received by the receiver 18. 
The radiotelephone 12 is operable over a predetermined 

band of frequencies. The synthesizer 22 provides the 
receiver 18 and the transmitter 16 with signals, tuned to the 
proper frequency, to allow the reception and transmission of 
information signals. Control over functions of the receiver 
18 and the transmitter 16, Such as channel frequency, is 
provided by the control block 20. Thus, the control block 20 
provides the Synthesizer 22 program instructions for fre 
quency Synthesis. 

Experiments with a prototype power amplifier were ini 
tially performed to determine whether the transmitted peak 
to-average ratio of the Signal produced by the transmitter 16 
can be used to predict adjacent channel power and alternate 
channel power. Adjacent channel power is defined as the 
amount of power in a designated bandwidth transmitted in a 
channel immediately adjacent to the channel that the trans 
mitter 16 is currently operating. Alternate channel power is 
defined as the amount of power in a designated bandwidth 
transmitted in a channel that is two channels beyond the 
transmitter 16 channel of operation. 

1O 
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4 
For example, in the IS-95 CDMA cellular telephone 

system, the transmitter can be operating at 836 MHz. The 
adjacent channel would be 83.6 MHZ--/-885 KHZ, and the 
alternate channel would be 83.6 MHZ+/- 1.98 MHz. 

FIG. 2 is a block diagram of a test setup 200 used to 
conduct the peak-to-average ratio experiments. The test 
Setup 200 includes a signal generator 40 coupled through a 
bi-directional coupler 42 to the input of the power amplifier 
device under test (DUT) 44. The output 56 of the DUT 44 
is connected to coupler 46. 
The Signal generator 40 produces an RF input signal. A 

portion of the input signal is coupled to port 48 and 
measured with power meter 50. The remainder of the RF 
input Signal produced at bi-directional coupler output 53 is 
applied to the DUT 44. The portion of the RF input signal 
that is reflected at the input 43 of the DUT is coupled to port 
52 where it is measured via power meter 54. The measure 
ments made with power meter 50 and power meter 54 allow 
for the measurement of input return loss of the DUT 44. 
The RF input signal is amplified by the DUT 44 to 

produce an amplified signal at DUT output 56, and the 
amplified Signal is applied to coupler 46. A portion of the 
amplified signal is coupled via port 58 to spectrum analyzer 
60. With the spectrum analyzer 60 the adjacent channel 
power and the alternate channel power of the amplified 
Signal can be measured with respect to the power at the 
channel of operation. The remainder of the amplified Signal 
is produced at coupler output 66, and the peak and average 
powers are measured via power meter 68. 
Power supply 70 provides a controllable Supply voltage to 

the supply port 72 of the DUT 44. For test purposes, the 
frequency of operation is set to 836 MHz, and the power of 
the RF input Signal produced by the Signal generator 40 is 
varied from -9 dBm to +7 dBm in 1 dB increments. With the 
input power increasing at 1 dB increments, the average 
power of the amplified signal produced at DUT output 56 is 
held constant by adjusting the Supply Voltage applied to the 
DUT 44 (e.g. here the drain voltage of the FET device of the 
DUT 44). In other words, the Supply voltage of the DUT 44 
is adjusted to adjust the gain of the DUT 44, thereby 
obtaining a constant average output power for different input 
power levels. 
The Signal generator 40 produces an input signal that has 

modulation to create a complex input Signal characterized by 
an average power and a peak power that depends upon the 
modulation Scheme used. In the illustrated embodiment, the 
modulation Scheme is that used in the IS-95 CDMA cellular 
telephone System- offset quadrature phase shift keying 
(OQPSK) modulation with baseband filtering as is known in 
the art. This modulation Scheme produces a maximum, 
instantaneous peak-to-average ratio of 5.2 dB. Throughout 
the Specification, the term peak-to-average ratio is under 
stood to mean peak-to-average power ratio. However, peak 
to-average ratio of Voltage levels could be used without use 
of the inventive faculty. 
At each input power level, the adjacent and alternate 

channel power emissions are measured via Spectrum ana 
lyzer 60. The supply voltage to the DUT 44 is adjusted by 
changing the pulse width modulation on a Switching regu 
lator (not shown) as is known in the art. Alternatively, the 
Supply Voltage could be adjusted by using a linear regulator. 

FIG. 3 is a plot of the supply voltage, DUT gain, and 
maximum instantaneous peak-to-average ratio over a finite 
time period, all versus input power. The left vertical axis 90 
is the gain in dB of the DUT 44 that corresponds to gain 
curve 92. The right vertical axis 94 is the supply voltage in 
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volts of the DUT 44 that corresponds to supply voltage curve 
96. The right vertical axis 94 is also the maximum peak-to 
average ratio in dB over a finite period of time and corre 
sponds to peak-average curve 98. The horizontal axis 102 is 
input power in dBm. 5 

FIG.3 shows that it is possible to vary the Supply voltage 
of the DUT 44 over a range of input powers to maintain a 
constant output power. For a linear increase in input power, 
there is a linear decrease in DUT 44 gain by varying the 
supply voltage to the DUT. 

The peak-average curve 98 is a plot of the maximum 
peak-to-average ratio over a Specified time interval. A peak 
hold measurement technique is used with the test equipment 
to detect the maximum instantaneous peak-to-average ratio 
at each input power and Supply Voltage Setting. For example, 
the signal generator 40 (FIG. 2) produces an input signal that 
has OOPSK modulation similar to that used for the IS-95 
CDMA cellular system. Therefore, the maximum instanta 
neous peak-to-average ratio of the input Signal is 5.2 dB. 
When the DUT 44 is linear and does not introduce signifi 
cant distortion, the measured maximum instantaneous peak 
to-average ratio should be close to 5.2 dB. 

For low input power (e.g. -9 dBm) and a Supply voltage 
of 3.2 V, the peak-average curve 98 shows that the DUT 44 
is linear. This is evidenced by the fact that the maximum 
instantaneous peak-to-average ratio recorded at the -9 dBm 
input is approximately 5.2 dB; the DUT 44 introduces no 
distortion (e.g. peak signal clipping) at the low input power 
levels. 

In addition, the peak-average curve 98 shows that as the 
input power to the DUT 44 is increased and the supply 
voltage of the DUT 44 is adjusted to maintain a constant 
output power, the maximum instantaneous peak-to-average 
ratio over a finite time period monotonically decreases. That 
the peak-to-average ratio monotonically decreases here 
shows that a difference operation can be used in a control 
loop to Set a desired maximum instantaneous peak-to 
average ratio over a finite time period while maintaining 
control loop Stability. These results are applicable to various 
output powers, different power amplifier designs using an 
identical Semiconductor device, or even different power 
amplifier device technologies Such as field effect transistors 
(FETs) or bipolar transistor technology. 

FIG. 4 is a plot of adjacent channel power, alternate 
channel power, and maximum instantaneous peak-to 
average ratio over a finite time period, all verSuS input 
power. Once again the output power is held constant at 20 
dBm by varying the Supply Voltage. 

The left vertical axis 112 is the alternate and adjacent 
channel power in dBc of the DUT 44. The horizontal axis 
114 is input power in dBm. AdjCP low curve 116 is the 
output adjacent channel power on the low Side of the channel 
of operation. For example, the input signal channel of 
operation is set to 83.6 MHz. The adjacent channel power on 
the low side is then the power in a 30 kHz bandwidth 885 
kHz below 836 MHz. Similarly, the AdjCP high curve 118 
is the output adjacent channel power 885 kHz above 836 
MHZ. 

AltCP low curve 120 is the output alternate channel 
power 1.98 MHz below 836 MHz. Similarly, AltCP high 
curve 122 is the output alternate channel power 1.98 MHz 
above 83.6 MHz. Also shown in FIG. 4 is Adi Spec limit 
curve 124 corresponding to the adjacent channel power 
specification limit (-42 dBc) and Alt spec limit curve 126 
corresponding to the alternate channel power Specification 
limit (-54 dBc), both in accordance to the IS-95 CDMA 
Specification. Specification limits vary for different cellular 
Standards. 
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The right vertical axis 128 is the maximum instantaneous 

peak-to-average ratio over a finite time period expressed in 
dB that corresponds to peak-average curve 130. Peak 
average curve 130 is the same curve as peak-average curve 
98 of FIG. 3 in that both curves represent the same data. 
AS the input drive is increased and the output power is 

maintained constant, the adjacent channel power and alter 
nate channel power increases. Note that for adjacent channel 
and alternate channel powers less than approximately -55 
dBc, the measurements are limited by test instrumentation 
limitations (e.g. dynamic range of spectrum analyzer 60 of 
FIG. 2 and spectral purity of signal generator 40). However, 
for data points close to where the adjacent and alternate 
channel powers interSect their specification limits, the adja 
cent channel and alternate channel power curves are mono 
tonic. 

Near region 136 of Specification compliance for adjacent 
channel power and region 138 of Specification compliance 
for alternate channel power, the maximum instantaneous 
peak-to-average ratio over a finite time period is inversely 
proportional to both the adjacent and alternate channel 
power. With this particular DUT 44, as the input power is 
increased, the Specification limit for adjacent channel power 
is reached before the Specification limit for alternate channel 
power is reached. Therefore, for the particular power ampli 
fier used as the DUT 44, the maximum instantaneous 
peak-to-average ratio over a finite time period can be moni 
tored to adjust the Supply Voltage to obtain a desired adjacent 
channel power, and that will also ensure Specification com 
pliance for alternate channel power. 

Since the maximum instantaneous peak-to-average ratio 
over a finite time period can be predictably controlled, the 
adjacent channel power can be controlled as well. By 
controlling the maximum instantaneous peak-to-average 
ratio over a finite time period at the output of a power 
amplifier, the adjacent channel and alternate channel power 
are indirectly being controlled. This provides for an efficient 
and predictable manner of controlling the adjacent and 
alternate channel power. 
As an example, for the IS-95 CDMA cellular system, the 

Specification limit for adjacent channel power is -42 dBc. 
The crossover point 150 (FIG. 4) where the adjacent channel 
power crosses the Specification limit corresponds to a maxi 
mum instantaneous peak-to-average ratio over a finite time 
period of approximately 2.6 dB, as shown by dotted line 
152. Thus, for a transmitter using a power amplifier that 
comprises the DUT 44, the maximum instantaneous peak 
to-average ratio over a finite time period is maintained at 
approximately 2.6 dB to keep both the adjacent and alternate 
channel output power within Specification. To provide for 
Some margin, the power amplifier circuit can maintain the 
maximum instantaneous peak-to-average ratio over a finite 
time period ratio at 2.8 dB or 3 dB. 

FIG. 5 is a block diagram of a power amplifying circuit 
300 for use in the transmitter 16 (FIG. 1). The power 
amplifying circuit 300 includes a power amplifier 172 
coupled through RF coupler 176 and envelope detector 178 
to a peak-to-average detector 180. The peak-to-average 
detector 180 is coupled to controller 181. The controller 181 
is coupled through Voltage control circuit 182 to the Supply 
port 186 of the power amplifier 172. The controller 181 
includes a comparator 202 coupled to a digital-to-analog 
converter (DAC) 204. 
The peak-to-average detector 180 has an analog-to-digital 

converter (ADC) 192 coupled to an average sample circuit 
183 and a peak sample circuit 185. The peak sample circuit 
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is coupled to an average peak circuit 189, and the peak 
average circuit is coupled to a log circuit 191. The log circuit 
191 feeds a ratio circuit 193. The average sample circuit 183 
is coupled to a log circuit 187, and the log circuit feeds the 
ratio circuit 193. 

An RF input Signal with modulation is applied to the 
power amplifier 172 through input 170. The power amplifier 
172 produces an amplified signal at output 174. A portion of 
the amplified Signal is coupled through coupler 176 to the 
envelope detector 178. 

The envelope detector serves to remove the RF carrier 
Signal from the amplified signal. For example, the envelope 
detector can comprise a matched pair of diodes with resistor 
and capacitor circuitry as is known in the art. Using a pair 
of matched diodes compensates for temperature variations 
of a Single diode. 

The resulting Signal is applied to the peak-to-average 
detector 180. The peak-to-average detector 180 calculates an 
average level (e.g. average power) of the amplified signal 
over a predetermined time period. The peak-to-average 
detector also detects peak levels of the amplified Signal to 
calculate a mean value of all of the peaks that fall within the 
Same predetermined time period. The peak-to-average 
detector 180 produces on line 196 a signal indicative of the 
mean peak-to-average ratio over the predetermined time 
period. 

The ADC 192 samples the signal fast enough to obtain an 
accurate reading of the instantaneous detected Voltage pro 
duced by the envelope detector. The digital Signal produced 
by ADC 192 is applied to the average sample circuit 183 and 
the peak sample circuit 185. 

The average Sample circuit 183 includes conventional 
clocked logic circuitry to calculate and average over Several 
samples produced by the ADC 192. For example, the 
average Sample circuit 183 can calculate the average of 
twenty Samples, and as each Successive sample is produced 
by the ADC 192, the average sample circuit 183 updates the 
average. 
A signal representative of the average level is applied to 

the conventional log circuit 187 to take the logarithm of the 
average level. The log value is applied as one input to the 
ratio circuit 193. 
The peak sample circuit 185 includes conventional 

clocked logic circuitry to detect peak levels from the digital 
Samples. The average peak circuit also includes conven 
tional clocked circuitry to calculate an average of the peak 
levels over a predetermined number of Samples. Alterna 
tively Stated, the average peak circuit 185 calculates the an 
average of the peak levels over a predetermined period of 
time. 
A Signal representative of the average peak level is 

applied to the conventional log circuit 191 to take the 
logarithm of the average peak level. The log value is applied 
as a second input to the ratio circuit 193. The ratio circuit 
193 is conventional clocked logic circuitry to produce a 
mean peak-to-average ratio of the amplified Signal Over a 
predetermined period of time. 

The peak-to-average detector 180 produces a signal on 
line 196 that represents the mean peak-to-average power 
ratio over a predetermined time period. The controller 181 is 
for adjusting the Supply Voltage to the power amplifier 172 
responsive to the indication of the peak power levels and the 
average power level to cause the Supply Voltage to lower as 
a mean peak-to-average ratio of the amplified Signal 
increases above a desired mean peak-to-average ratio, and to 
cause the Supply Voltage to elevate as the mean peak-to 
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8 
average ratio decreases below the desired mean peak-to 
average ratio. The controller 181 causes the power amplifier 
171 to maintain the mean peak-to-average ratio Substantially 
equal to the desired mean peak-to-average ratio. 

Thus, the resulting mean peak-to-average ratio that the 
peak-to-average detector 180 calculates is applied via line 
196 to the comparator 202. Also applied to the comparator 
202 is a desired mean peak-to-average ratio Set point. The Set 
point is applied to the comparator 202 via the first Set point 
input 198. 
The comparator 202 produces a signal representative of 

the difference between the mean peak-to-average ratio and 
the desired mean peak to average ratio. For example, the 
comparator 202 can include a conventional proportional 
integrator control System as is known in the art. The Signal 
is converted to an analog control Signal via DAC 204, and 
the analog control Signal is applied to the Supply port 186 of 
the power amplifier 172 via the voltage control circuit 182. 
The DAC 204 controls the regulated voltage to the supply 

of the power amplifier 172 so as to reduce the difference 
between the mean peak-to-average ratio and the desired 
mean peak to average ratio. By adjusting the Supply Voltage 
to power amplifier 172, the mean peak-to-average ratio will 
converge to the desired mean peak-to-average ratio. 

Thus, the controller 181 produces a control Signal respon 
Sive to the indication of the peak power levels and the 
average power level. The Voltage control circuit 182 pro 
ceSSes the control Signal to produce the Supply Voltage. The 
Voltage control circuit 182 comprises one of a linear Voltage 
regulator and a Switching Voltage regulator as is known in 
the art. 
By maintaining the mean peak-to-average ratio, the power 

amplifying circuit 300 also ensures that the adjacent channel 
power and alternate channel power are within Specification. 
Thus, the efficiency of the power amplifier 172 is improved 
by Setting the Supply Voltage to the minimum necessary to 
produce the right output power while Still falling within 
Specification for adjacent channel power and alternate chan 
nel power. 
AS was noted previously, the changing the Supply Voltage 

to the power amplifier 172 alters the gain of the power 
amplifier 172. Thus, while the power amplifying circuit 300 
is adjusting the Supply Voltage to the power amplifier 172 to 
achieve a certain mean peak-to-average ratio, the gain of the 
power amplifier 172 changes. 
The gain change of the power amplifier 172 can be 

accounted for by adding an additional control loop to the 
power amplifying circuit 300. The additional control loop 
includes a variable gain circuit, here variable gain amplifier 
206 coupled to the input of the power amplifier 172. The 
controller 181 controls again of the variable gain amplifier 
206 responsive to the indication of the average power to 
cause the average power to be Substantially equal a desired 
average output power. 
The peak-to-average detector 180 calculates the average 

power level of the amplified signal over the predetermined 
time period. An indication of the average power is applied 
via line 210 to a second comparator 214. Also applied to the 
Second comparator 214 is a desired average power Set point. 
The average power Set point is applied to the Second 
comparator 214 via Second Set point input 212. The desired 
average power Set point changes as the desired average 
output power changes, and the desired average power Set 
point is generated by control block 20 (FIG. 1). 
Alternatively, the controller 181 (FIG. 5) can be a portion of 
the control block 20 (FIG. 1). 
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The Second comparator 214 generates a difference Signal 
representative of the difference between the average output 
power and the desired average output power. The difference 
signal is applied to the DAC 216, and the DAC 216 applies 
a gain control signal to the VGA 206. The VGA206 then 
adjusts its gain to converge to the desired average output 
power. The variable gain of the VGA206 can be located in 
a different portion of the RF path of the transmitter 16 (FIG. 
1). In addition, the variable gain of the VGA 206 can be 
distributed along different portions of the transmit RF path. 

Thus, the power amplifying circuit can comprise an inner 
loop to control the mean peak-to-average ratio and an outer 
loop to control the average output power level. The outer 
loop operates faster than the inner loop to ensure that the 
desired average output power is maintained. 
AS an example, for a desired average output power of 20 

dBm, the output loop will control the gain of the VGA206 
with the Supply voltage to the power amplifier 172 initially 
set to a maximum voltage. According to FIG. 3, the VGA 
206 would initially have a gain So as to provide an input 
power to the power amplifier 172 of -9 dBm, and the supply 
Voltage to the power amplifier 172 is initially approximately 
3.2 V. This power amplifier 172 input power and supply 
voltage will satisfy the outer loop to produce the desired 20 
dBm output power, but it would not produce the desired 
mean peak-to-average ratio. Referring to FIG. 3, the maxi 
mum instantaneous peak-to-average ratio over a finite period 
at the initial power amplifier 172 input power and Supply 
Voltage is approximately 5.2 dB. 

The inner loop adjusts the Supply Voltage to the power 
amplifier 172 in the direction necessary to achieve the 
desired mean peak-to-average ratio. AS the Supply Voltage is 
varied, Outer loop continually adjusts the gain of the VGA 
206 until the desired average output power is obtained. 
When both set points are achieved, the loops are settled. 

In an alternate embodiment, the peak and average power 
calculations are performed with one of a microprocessor or 
a digital signal processor (not shown) instead of the logic 
circuitry of the peak-to-average detector 180 of FIG. 5. In 
another alternate embodiment, analog circuitry (not shown) 
can be used immediately after the envelope detector 178 
(FIG. 5) to detect the average peak power and the average 
power as is known in the art. These detected levels are then 
applied to ADC circuitry, and the mean peak-to-average 
ratio can be calculated. 

FIG. 6 is a Sample waveform showing a Signal having an 
average value denoted by the horizontal time axis 230 and 
a maximum instantaneous peak-to-average ratio 232 of 5.2 
dB. The desired mean peak-to-average ratio 234 is approxi 
mately 2.6 dB (to meet adjacent channel and alternate 
channel Specifications). In the illustrated embodiment, the 
predetermined time period for which the mean peak-to 
average ratio is calculated is 100 micro-Seconds. Other time 
periods can be used. All of the instantaneous peak values 
within the predetermined time period are detected and used 
to calculate the mean peak-to-average ratio over the prede 
termined time period. 

FIG. 7 shows a method of amplifying an RF signal. The 
method begins at block 250, and at block 251 the desired 
average output power is obtained. At block 252 a power 
amplifier amplifies the RF signal to produce an amplified 
Signal. At block 254 an average output power of the ampli 
fied signal is detected, and at block 256 peak levels of the 
amplified Signal are detected, and a mean of the peak levels 
is calculated. 
A mean peak-to-average ratio of the amplified Signal over 

a period of time is calculated at block 258. The mean 
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peak-to-average ratio can be over a period of time or over a 
finite number of peak levels (e.g. sampled peak levels). 
Alternatively, a maximum peak-to-average ratio, as in the 
test system of FIG. 2, is utilized. Still further, the peak-to 
average ratio can be a maximum peak-to-average ratio over 
a predetermined number of peak levels. 
At decision block 260, if the mean peak-to-average ratio 

increases above a predetermined level, the Supply Voltage to 
the power amplifier is lowered at block 262. At decision 
block 264, if the mean peak-to-average ratio decreases 
above a predetermined level, the Supply Voltage to the power 
amplifier is elevated at block 266. 
At decision block 268, if the average output power does 

not Substantially equal a desired average output power, the 
average power amplitude of the RF signal is adjusted at 
block 270 to produce the amplified signal with the desired 
average power. The average amplitude is adjusted by vary 
ing the gain of a variable gain circuit preceding the power 
amplifier. 

Ifat decision block 272 the amplification of the RF signal 
is complete (e.g. transmission of the RF signal via a trans 
mitter is finished), the method ends at 274. If amplification 
of the RF signal is not complete, the method continues at 
block 251. 
The Supply is adjusted until the mean peak-to-average 

ratio is Substantially equal to a predetermined level, and the 
gain of the variable gain circuit is varied until the desired 
average output power is achieved. Therefore, for a certain 
desired average output power, the Steps of adjusting the 
Supply Voltage and varying the gain will be performed 
multiple times until the goals are reached. 
The previous description of the preferred embodiments 

are provided to enable any perSon Skilled in the art to make 
or use the power amplifying circuit with Supply adjust. 
Various modifications to these embodiments will be readily 
apparent to those skilled in the art, and the generic principles 
defined herein may be applied to other embodiments without 
the use of the inventive faculty. For example, the peak-to 
average detector 180 (FIG. 5) calculates the mean peak-to 
average ratio. Alternatively, the controller 181 (FIG. 5) can 
calculate the mean peak-to-average ratio. 

In addition, the power amplifying circuit 300 (FIG. 5) can 
be used in portable radiotelephones in cellular Systems based 
on IS-136 time division multiple access (TDMA), IS-95 
CDMA, and future generations of cellular telephony. More 
generally, the power amplifying circuit 300 can be used for 
radiotelephones that utilize linear modulation Schemes Such 
as phase-shift keying (PSK) and quadrature amplitude 
modulation (QAM), wherein the input signal has an ampli 
tude modulation envelope. The power amplifying circuit can 
be used at frequencies of operation and output powers other 
than those given in the illustrated embodiment. 

In another alternate embodiment, the power amplifying 
circuit uses the inner control loop to control the mean 
peak-to-average ratio of the amplified signal for only a 
portion of the total dynamic range of the transmitter. For 
example, the mean peak-to-average ratio can be controlled 
(and ultimately the adjacent and alternate channel power 
controlled) for only a top portion of the total dynamic range 
of the average output power. 

In yet another alternate embodiment, the power amplify 
ing circuit adjusts the Supply Voltage according to a different 
type of determination of the difference between the peak 
power and the average power over a predetermined time 
period. Specifically, a peak-to-average detector coupled to 
an output of a power amplifier detects a peak level of the 
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amplified Signal over a predetermined time period and an 
average level of the amplified Signal Over the predetermined 
time period. The peak-to-average detector provides an indi 
cation of a difference between the peak level and the average 
level. This is similar to the determination of the maximum 
instantaneous peak-to-average ratio over a finite time period 
as used in the experimental test system of FIG. 2. Detector 
circuitry similar to that shown in FIG. 5 with some modi 
fications can be used for the difference determination. In 
addition, detector circuitry disclosed in co-pending U.S. 
patent application Ser. No. 09/358,884, filed herewith by 
Komsdorf et al. and entitled “POWER AMPLIFYING 
CIRCUIT WITH LOAD ADJUST FOR CONTROL OF 
ADJACENT AND ALTERNATE CHANNEL POWER,” 
can be used to determine the peak to-average-ratio. A 
controller then adjusts a Supply Voltage to the power ampli 
fier responsive to the difference between the peak level and 
the average level to cause the Supply Voltage to lower as the 
difference between the peak level and the average level 
increases above a predetermined level and to cause the 
Supply Voltage to elevate as the difference between the peak 
level and the average level decreases below the predeter 
mined level. Thus, the controller causes the power amplifier 
to maintain the difference between the peak level and the 
average level Substantially equal to a predetermined level. 
The power amplifying circuit provides for a highly effec 

tive way of improving the efficiency of a power amplifier 
while maintaining necessary adjacent channel and alternate 
channel power performance. The efficiency is improved by 
adjusting the Supply Voltage to operate the power amplifier 
closer to Saturation. The adjacent and alternate channel 
power can result from transmitter circuitry that precedes the 
power amplifier in the transmit path. In addition, the power 
amplifier can contribute to the total adjacent and alternate 
channel power. 

The power amplifying circuit allows for effective control 
of the adjacent channel and alternate channel power pro 
duced by a transmitter of a portable radiotelephone. The 
power amplifying circuit also allows for control of adjacent 
and alternate channel power over to compensate for part 
to-part variations, temperature variations, load impedance 
variations, and frequency variations present in portable 
radiotelephones. 

I claim: 
1. A power amplifying circuit comprising: 
a power amplifier for amplifying an input Signal to 

produce an amplified signal; 
a peak-to-average detector coupled to an output of the 
power amplifier, the peak-to-average detector to detect 
peak levels of the amplified signal and an average level 
of the amplified signal and to provide an indication of 
the peak levels and an indication of the average level; 
and 

a controller coupled to the peak-to-average detector and 
the power amplifier, the controller for adjusting a 
Supply Voltage to the power amplifier responsive to the 
indication of the peak levels and the indication of the 
average level to cause the Supply Voltage to lower as a 
peak-to-average ratio of the amplified Signal increases 
above a predetermined level and to cause the Supply 
Voltage to elevate as the peak-to-average ratio of the 
amplified signal decreases below the predetermined 
level. 

2. The power amplifying circuit as in claim 1 wherein the 
controller adjusts the Supply Voltage to the power amplifier 
to cause the Supply Voltage to lower as a mean peak-to 
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average ratio of the amplified Signal increases above a 
desired mean peak-to-average ratio and to cause the Supply 
Voltage to elevate as the mean peak-to-average ratio of the 
amplified Signal decreases below the desired mean peak-to 
average ratio. 

3. The power amplifying circuit as in claim 2 wherein the 
controller causes the power amplifier to maintain the mean 
peak-to-average ratio Substantially equal to the desired mean 
peak-to-average ratio. 

4. The power amplifying circuit as in claim 3 wherein the 
mean peak-to-average ratio comprises a ratio of an average 
of the peak levels of the amplified signal to the average level 
of the amplified Signal over a predetermined period of time. 

5. The power amplifying circuit as in claim 4 wherein the 
peak-to-average detector calculates the mean peak-to 
average ratio. 

6. The power amplifying circuit as in claim 4 wherein the 
controller calculates the mean peak-to-average ratio. 

7. The power amplifying circuit as in claim 1 further 
comprising a variable gain circuit coupled to an input of the 
power amplifier, wherein the controller adjusts again of the 
variable gain circuit responsive to the indication of the 
average level of the amplified signal to cause the average 
level of the amplified Signal to Substantially equal a desired 
average output power. 

8. The power amplifying circuit as in claim 1 further 
comprising a Voltage control circuit coupled between the 
controller and the power amplifier, wherein the controller 
produces a control Signal responsive to the indication of the 
peak levels and the average power, the Voltage control 
circuit processing the control signal to produce the Supply 
Voltage. 

9. The power amplifying circuit as in claim 8 wherein the 
Voltage control circuit comprises one of a linear Voltage 
regulator and a Switching Voltage regulator. 

10. A power amplifying circuit for use in a portable 
radiotelephone, the power amplifying circuit comprising: 

a power amplifier for amplifying an input Signal to 
produce an amplified signal; 

a peak-to-average detector coupled to an output of the 
power amplifier, the peak-to-average detector to detect 
peak levels of the amplified signal and an average 
power of the amplified signal and to provide an indi 
cation of the peak levels and the average power; and 

a controller coupled to the peak-to-average detector and 
the power amplifier, the controller for adjusting a 
Supply Voltage to the power amplifier responsive to the 
indication of the peak levels and the average power to 
cause the Supply Voltage to lower as a mean peak-to 
average ratio of the amplified Signal increases above a 
desired peak-to-average ratio and to cause the Supply 
Voltage to elevate as the mean peak-to-average ratio 
decreases below the desired peak-to-average ratio. 

11. The power amplifying circuit as in claim 10 wherein 
the controller causes the power amplifier to maintain the 
mean peak-to-average ratio Substantially equal to the desired 
peak-to-average ratio. 

12. The power amplifying circuit as in claim 10 wherein 
the mean peak-to-average ratio comprises a ratio of an 
average of the peak levels to the average power over a 
predetermined period of time. 

13. The power amplifying circuit as in claim 12 wherein 
the peak-to-average detector calculates the mean peak-to 
average ratio. 

14. The power amplifying circuit as in claim 12 wherein 
the controller calculates the mean peak-to-average ratio. 

15. The power amplifying circuit as in claim 10 further 
comprising a variable gain circuit coupled to an input of the 
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power amplifier, wherein the controller controls again of the 
variable gain circuit responsive to the indication of the 
average power to cause the average power to Substantially 
equal a desired average output power. 

16. The power amplifying circuit as in claim 10 further 
comprising a Voltage control circuit coupled between the 
controller and the power amplifier, wherein the controller 
produces a control Signal responsive to the indication of the 
peak levels and the average power, the Voltage control 
circuit processing the control Signal to produce the Supply 
Voltage. 

17. The power amplifying circuit as in claim 16 wherein 
the Voltage control circuit comprises one of a linear Voltage 
regulator and a Switching Voltage regulator. 

18. The power amplifying circuit as in claim 10 wherein 
the input signal and the amplified Signal have an amplitude 
modulation envelope resulting from a linear modulation 
Scheme Selected from the group consisting of phase-shift 
keying (PSK) and quadrature amplitude modulation (QAM). 

19. A method of amplifying a radio frequency (RF) signal, 
the method comprising: 

amplifying the RF signal with a power amplifier to 
produce an amplified signal; 

detecting an average output level and peak levels of the 
amplified Signal; 

calculating a peak-to-average ratio of the amplified Signal; 
and 

lowering a Supply Voltage to the power amplifier when the 
peak-to-average ratio increases above a predetermined 
level, or 

elevating the Supply Voltage to the power amplifier when 
the peak-to-average ratio decreases below a predeter 
mined level. 
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20. The method as in claim 19 further comprising adjust 

ing an average amplitude of the RF signal to produce the 
amplified Signal with a desired average power. 

21. The method as in claim 19 wherein the peak-to 
average ratio comprises a maximum peak-to-average ratio 
over a period of time or over a number of peak levels. 

22. The method as in claim 19 wherein the peak-to 
average ratio comprises a mean peak-to-average ratio over a 
period of time or over a number of peak levels. 

23. A power amplifying circuit comprising: 
a power amplifier for amplifying an input Signal to 

produce an amplified signal; 
a peak-to-average detector coupled to an output of the 
power amplifier, the peak-to-average detector to detect 
a peak level of the amplified signal and an average level 
of the amplified signal and to provide an indication of 
a difference between the peak level and the average 
level; and 

a controller coupled to the power amplifier and the 
peak-to-average detector, the controller for adjusting a 
Supply Voltage to the power amplifier responsive to the 
indication of the difference between the peak level and 
the average level to cause the Supply Voltage to lower 
as the difference between the peak level and the average 
level increases above a predetermined level and to 
cause the Supply Voltage to elevate as the difference 
between the peak level and the average level decreases 
below the predetermined level. 

24. The power amplifying circuit as in claim 23 wherein 
the controller causes the power amplifier to maintain the 
difference between the peak level and the average level 
Substantially equal to a predetermined level. 
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